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j^FMARKS/ARGUMENTS 

1. Introduction 

Applicant has carefully considered AW of trie Examiner's comments. Claims 1-6 
and 21-24 have been cancelled as subject to a non-elected invention. Claims 7-20 are 
pending. Applicant responds below. 

2. Restriction Requirement and Species Election - 35 U.S.C. § 121 

Without acquiescing to the r^ectlon, and in furtherance of Applicant's 
business goals, Claims 1-6 and 21-24 are hereby cancelled as subject to a non- 
elected invention. 

3. information Disclosure Statement 

Applicant notes that previous IDS materials were submitted without the 
proper 37 CFR 1 .97 statement. These materials will be resubmitted with the 
proper statement at a later time. 

4. Claim Rejections - 35 U.S.C. § 1 02(e) 

4.1 Claims 7-20 stand "r^ected under 35 U.S.C. 1 02(e) as being anticipated by Kam 
et al., U.S. publication number 2002/0009807." Applicant respectfully traverses these 
rejections as argued below, and requests reconsideration. 

For a claim to be rejected under 35 U.S.C. 102(e) as being anticipated, each 
element and limitation must be taught In the Office Action dated 8/3/05, the Examiner 
has alleged that the "methods of cell adhesion to lipid bilayers" (Office Action, page 5, 
line 3) is not recited in the rejected claims. The Examiner has further alleged that the 
obsen/ance of a negative result still falls within the metes and bounds of the claims. The 
Applicant respectfully disagrees with the Examiner's mischaracterizatlon of the claims 
and reiterates and expands upon the earlier arguments presented in the previous 
response. 
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In Kam. a method is taught of "adhering cells to the cell adhesion compatible 
material such that the cells adhere only to ttie cell adhesion compatible material an 
not to the lipiiji ^iiflver expanse" (Kam, paragraph 31, last sentence, with emphasis 
added), which is exactly the opposite of Appiicanfs invention that Instead leaches "(tlhe 
lipid bliayer membranes are doped with various lipids and/or proteins to modulate the 
adherence of the ceiis being used In the device" (Applicant's Abstract, last sentence). 
Applicant claims selective adhesion to dopant lipids In the membrane lipid bilayers. 
Instead, Kam teaches no adhesion to the lipid biiayers. rather only cell adhesion to the 
"bilayer barrier regions further comprised of a ceil adhesion compatible material" (Kam, 
claim 1 , line 8). 




Fig. lA 

Applicant respectfully points the Examiner to Rgure 1 A of Kam et al. reproduced 
above for convenience. Figure 1 A shows that in the arrays of Kam, cells only adhere to 
the cell adhesion compatible material (i.e., fibronectin) used to construct the device. 
Thus, Kam only teaches cell adhesion to fibronectin barriers deposited directly on the 
substrate, and not to the lipid biiayer expanse interspersed between such banrlers. 

Refening now to amended claim 7, Kam fails to teach the claimed limitation 
"observing cell adhesion to the dooed Itold bilaver m embranes". Kam merely discloses 
the use of fibronectin as a cell adhesion compatible material, and does not disclose the 
use of lipids to direct cell adhesion. Kam in fact teaches instead "cells adhere only to 
said cell adhesion compatible material and not to said lipid biiayer expanse" (Kam claim 
2, last three lines). Kam does not appear to anticipate Applicam's claim 7 as amended, 
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and rather teaches dIrecMy away from Applicant's Invention. Therefore. Appiicant kindiy 
requests that the rejection be withdrawn as to claim 7. 

Referring now to Applicant's claim 8, the following limitation is seen: "detennlning 
the adhesion of the cells to the Hpid bllayer membranes In different conrals t»y obsenflng 
cell adhesion to said lipid bilayer ownbranes having different compositions.'' As argued 
above, Kam fails to teach the adhesion of cells to lipid bilayer membranes. In tact Kam 
teaches directly away from such adhesion by instead teaching ceil adhesion only to "said 
cell adhesion compatible material", e.g. f Ibronectln. Therefore, Kam does not anticipate 
Appiloanfs claim 8, The Applicant therefore respectfully traverses the rejection and 
kindly requests reconsideration. 

Dependent claims 9-13 depend from daim 8, which as argued above cannot be 
taught by Kam. Therefore, for the same reasons as above. Applicant respectfully 
traverses these rejections and kindly requests reconsideration of these claims as well. 

Applicant's Claim 14 similariy contains the limitation of "obsen/Ing cell adhesion to 
the lipid bilayer membranes". For the same reasons as previously recited above, Kam 
fails to teach cell adhesion to membranes. Therefore, for the same reasons as above. 
Applicant respectfully traverses the rejection and kindly requests reconsMeration of this 
claim. 

Because dependent claims 1 5-20 Incorporate all of the limitattons of base claim 
14, and for the same reasons given above should also not be taught by Kam, Therefore. 
Applicant respectfully asserts that Kam does not anticipate claims 7-20 and kindiy 
requests that these rejections be withdrawn. 

4.2 Claims 7, 8, 14, 1 5, and 1 6 stand "rejected under 35 U.S.C. 1 02(e) as being 
anticipated by Chen et al. U.S. publication number 2002/0182633." Applicant 
lespectfully traverses these rejections as argued below, and requests reconsideration. 

Applicants disagree that one having skill In the art would read Chen as 
contemplating the use of PEO lipids in lipid bilayer membranes for cell adhesion. 
Applicants address the Office's characterization of the use of PEO In Chen et al. In 
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Chen; PEO is consistently used as a surfactant for the express purpose of specifying 
non-adhesive domains. See the following paragraphs In Chen et al: 59, 101, 102, 103. 
120, 129, 132, and 134. The single recitation of "PEO lipid bllayers" in paragraph [0102] 
was in reference to the possible use of specially modified poiy(ethylene oxide) lipid 
bllayers to micropattem non-adhesive domains. The Examiner cited the specific 
paragraph on page 7 of the Office Action only to Ignore the fact that Chen et al. recite 
that PEO is a "non-adhesive (PEO) species." (Chen. Column 10, line 5). Thus, Chen 
contemplates the use of PEO lipids as taught by Dori et al, for the sole purpose of 
patterning non-adhesive domains. 

Therefore, because Chen does not teach the use of doped lipid bllayers for 
modulated selective cell adhesion, the reference cannot be seen as anticipating 
Applicant's claimed invention. For a reference to be a proper 35 U.S.C- 102(e) reference, 
it must teach all elements and limitations of a claimed Invention. Applicants assert that 
Chen et al. fails in this regard and Applicants respectfully requests that the tejeclion be 
withdrawn. 

5. Claim Rejections - 35 U.S.C. § 1 03(a) 

To establish a prima facie case of obviousness, there must be some suggestion 
or motivation, to modify the reference or to combine reference teachings as discussed In 
subsection 3 (b) MPEP 2143.03. Additionally, the prior art reference (or references when 
combined) must teach or suggest all the claim limitations. To support the conclusion that 
the claimed invention Is directed to obvious subject matter, either the references must 
exprsssly or impliedly suggest the claimed invention or the examiner must present a 
convincing line of reasoning as to why the artisan would have found the claimed 
invention to have been obvious in light of the teachings of the references." Ex parte 
Clapp, 227 USPQ 972. 973 (Bd. Pat App. & Inter. 1985) MPEP 2142. 

Claims 7-20 stand "rejected under 35 U.S.C. 103(a) as being obvious over Chen 
et al., U.S. Publication number 2002/0182633 and Boxer et al., U.S. Patent number 
6.228,326." 
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Applicant respectfully traverses the rejections, responds below, and requests 
reconsideration of the claims in question. 

MPEP § 2143 requires that "[tjo establish a prima facie case of obviousness, 
three basic criteria must be met. First, there must be some suggestion or motivation, 
either In the references themselves or In the l<nowledge generally available to one of 
ordinary skill in the art, to modify the reference or to combine reference teachings. 
Second, there must be a reasonable expectation of success. Rnally, the prior art 
reference (or references when combined) must teach or suggest ail the claim 
limitations." 

The independent claims 7, 8, and 14 have been amended to include the limitation 
"lipid bilayer membranes" that are doped with "charged lipid dopants". It is submitted that 
these claim limitations appear in none of the cited 35 USC 103(a) references. Applicant 
therefore respectfully requests reconsideradon and allowance of these independent 
claims and their dependent claims. Further arguments follow below. 

1 . There is no suggestion or motivation to modify Chen and Boxer or to combine 
reference teachings. 

The arguments presented previously In the Office Action Response of 5^2005 
are reiterated and incorporated by reference herein. 

The Examiner now alleges that: 

"One having skill in the art would have been motivated to use methods for 
screening or detemiining cell adhesion because Chen et al. teach using methods 
for determining cell adhesion in order to control cell-surface Interactions; and 
because Boxer et al. teach doping cell membranes with negatively charged, 
fluorescent lipids as markers to characterize the fluidity of membranes," (Office 
Action, page 9, lines 1-4). 
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Applicant respectfully disagrees that one of ordlnaiy skill In tfie art would combine 
these two references and the aspects cited to produce Applicant's invention. Chen 
teaches methods of patterning a surface with adhesive and non-adhesive surfactants, 
and adhering a cell to the adherent surface. As described above, Chen et al. teaches 
only the direct binding of cells to a substrate using a protein that promotes cell adhesion, 
and falls to teach cell binding directly to doped lipid bliayer membranes floating in corrals. 
A detailed analysis of Chen now follows. 

Chen et al. reference 

Chen et al. teaches only the direct binding to a substrate, and fails to teach cell 
binding to lipid bilayer membranes floating In conals. The Examiner alleges: "Chen ©t al. 
teach using methods for determining cell adhesion In order to corrtrol celt-surface 
interactions." (Office Action page 9, lines 1-2). Chen's selective attachment to surfaces is 
not the same as attachment to lipid bilayer membranes. The characteristics of a surface 
are static, whereas the characteristics of a lipid bilayer membrane are dynamic, and 
continually seeking minimum energy configurations. 

Chen generally only refers to lipids in a passing, and totally non-enabling manner. 
For instance, Chen teaches at paragraph [0102]: 

[01021 The methods described herein enable the customization Of cell 
culture environments for cell and tissue and engineering. The combination of 
microfluidic and photolithographic patterning as well as simple adsorption of 
adhesive (ECiW) and non-adhesive (PEO) species can be extended to novel 
applications such as: .. . novel substrates such as PEO lipid bilayers [59]... 
In this passage, Chen essentially states that cellular patterns may be placed upon a non- 
adhesive PEO lipid bilayer through the deposition of adhesive (ECM) species. It does not 
teach or suggest in any way the contacting of an intact cell with a lipid bilayer membrane, 
let alone a lipid bilayer membrane doped with charged lipid dopants. 
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Chen at best really only describes non-adhesion of cells to PEO lipid bilayers, as 
stated by Chen's paragraph [0103] excerpt reading 'PEO polymers ... are non-adhesive 
for both proteins and cells." 

Chen et al. does refer to the use of "novel substrates such as PEO lipid bilayers 
[50]" (paragraph [0102]). The PEO lipid Wlayer reference [50] relates to a publication 
submitted with this response in an Infomiation Disclosure Statement which is: Dorl. Y., 
H. Blanco-Peled, S. K. Satija, G. B. Fields, J. B. McCarthy, and M. Tin-ell, "Ligand 
accessibility as means to control cell response to bioactive bilayer membranes." Joumal 
of Biomedical ly/laterials Research, 2000.50(1): p. 75-81. 

In this paper by Dorl et al., one finds only a single reference to PEO on page 78. 
column 2, in the paragraph beginning with "Figure 4..." The Dorl et al. reference 
continues to elaborate: 

"In addition, Prime and Whttesides^ showed that self-assembled 
monolayers (SAMs) of poly(ethylene oxide) (PEO) with only two EO 
segments have the ability to prevent protein adsorption." 
Therefore, Chen et al. in fact misquotes the Dorl et al. reference, which more 
likely should have been that monolayers of PEO ^with only two EO segments have the 
ability to prevent protein adsorption." Further, Dori only states that the PEO is a 
monolayer, not a bilayer. Thus, Chen cites a reference that never appears to discuss the 
term "PEO lipid bilayer". 

Since Chen ultimately only refers to PEO monolayers, as shown above, Chen 
does not appear to make a "suggestion or motivation" to use Applicant's "lipid bilayer 
membranes", and thus cannot be a useful 35 U.S.C. 1 03(a) reference. Second. Chen's 
PEO monolayers have only been shown to "prevent protein adsorption", and In that 
sense, either directly teaches away from Applicant's invention, or doesnt refer to 
adsorption of cells in any way. Third, Chen's PEO monolayers would appear to have to 
be directly deposited on the substrate, and would not be comparable to Appiicanf s 
micro-arrays of lipid bilayer membranes as one cannot deposit a lipid monolayer over a 
water layer, as such a deposit would be unstable, thus using Chen's teaching of PEO 
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monolayeis with the Boxer et al. patent wouW have no reasonable expectation of 
success. Fourth, Chen's prevention of cell adsorption directly teaches away from 
Applicant's claim 7.b limitation of 'obsen/lng cell adhesion to the doped lipid bilayer 
membranes', and therefore would have no expectation of success. 

Additionally, lipids directly attached to a substrate have a static nature, In that they 
cannot move, and are "locked" in place by the substrate. By contrast, lipid bllayers 
membranes over a water layer are free to move about and rearrange to minimal energy 
configurations, and hence are dynamic In nature. A rigidly static lipid, even if Chen et al. 
had taught it, would have only remote similarity to dynamic lipid bilayer membranes. 
Furthennore. the dynamic lipid bilayer membranes tend to much more closely model 
segments of Intact cell walls, and thus would be more useful for cell-cell interaction 
studies. 

Chen et al. states in paragraph [0022], with emphasis added: 

[0022] A wide variety of isiomolecules may be adhered to a substrate In 
accordance with the present invention and include, e.g., peptides, 
polypeptides, nucleic acids, nucleic acid binding partners, proteins, 
receptors, antibodies, enzymes, carbohydrates, oligo saccharides, 
polysaccharides, cells, cell aggregagates, ceil components, lipide, anrays 
of ligands (e.g. non-protein llgands), liposomes, microorganisms, e.g., 
bacteria, viaises, and the Nice. 
Thus, it would appear that Chen et al. is only teaching the adherence of lipids to a 
substrate, which is not the teaching of a lipid bilayer membrane. In this passage, it 
appears that Chen et al. is teaching away from Applicant's invention, I.e. Applicant 
teaches lipid bilayer membranes, where Chen et al. teaches adherence of lipids to a 
substrate. 

For the reasons stated above, rt would appear that Chen et al. would not suggest 
or motivate one to combine Chen with the Boxer et al. reference teaching patterned lipid 
bilayer membranes over a water layer. 
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poy^f at al. reference 

Boxer el al. In turn falls to teach the binding of cells to a lipid bilayer. Boxer 
teaches a variety of rtielhods for producing modified bilayers or derivatlzed liposomes by 
coupling blomolecules to lipids to form blomolecuie-llpid conjugates or forming liposomes 
In the presence of protein. (Boxer et al.. column 1 2). Boxer further discloses that the 
purpose for the surface detector array device Is for use with a Wosensor. (See B<ixer, 
abstract and column 17-18). The device "can be used to detect low concentrations of 
biologlcaliy^actlve analytes or ligands in a solution containing a mixture of llgands." 
(Boxer, col. 17. lines 56-59). The device can also be "used as substrates for holding an 
array of receptors employed In bioacHvity screens of compounds." (Boxer, col. 1 8. lines 
1 6-1 8). Nowhere does Boxer suggest the use of the device to monitor or screen cells for 
cell adhesion. 

Applicants also take Issue with the Examiner's reading and understanding of the 
prior art. In the Office Action, the Examiner alleges that "[tjhe reference of Boxer et al. 
teaches that cell adhesion to planar membranes was long known in the art (e.g., col. 9, 
4-12). " (Office Action, page 12). Applicants respectfully point the Examiner to read the 
quote again and note that 

Xhan et ai. (1991) demonstrated that a giycosylphosphatldylinoaitol (GPi)- 
anchored membrane receptor Is laterally mobile In planar membranes... and that 
this mobility enhances ceil adhesion to the membrane." (col. 9, 4-12, emphasis 
added). 
According to Chan et ai., 

"the ability of a membrane receptor and Its membrane-bound counter-receptor to 
diffuse laterally enhances cell adhesion both by allowing accumulation of 
ligande In the cell contact area and by increasing the rate of receptor-ilgand 
bond fomiation.' (Chan et al, J Cell Biol. 1991 Oct; 1 15(1):245-55. emphasis 
added, last 6 lines of the Abstract, copy attached to this Response). 
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Thus, the prior art does not teach that cells adhere to membrane lipid bllayers. 
The prior art teaches that cells adhere to cell adhesion proteins, llgands and receptors 
present In the membrane bilayar. 

Applicants assert that one having skill In the art would not seel< to combine the 
tmo references for the purpose of practicing Applicant's claimed methods because the 
practice of Chen methods will necessarily employ the use of proteins for cell adhesion 
and not the methods of doping taught by Applicants to direct cell adhesion to lipid bilayer 
memljranes. Furthermore, the use of the array device of Boxer is as a biosensor or for 
high-throughput screening of compounds, not for use In screening cells for cell adhesion. 
Therefore Applicants assert that since neither reference teaches or suggests the 
methods of Applicants' claimed invention, one of ordinary skill in the art would not 
combine the cited references. 

2. There is no reasonable expectation of success. 

There must be a reasonable expectation of success to support a finding of 
obviousness over the prior art. In re Merck & Co., Inc. 800 F.2d 1091 , 231 USPQ 375 
(Fed. CIr. 1986). 

Chen's PEO monolayers would appear to have to i>e directly deposited on the 
substrate (paragraph [0102]), and would not be comparable to Applicant's mtoro-arrays 
of lipid bilayer membranes as one cannot deposit a lipid monolayer over a water layer, as 
such a deposit would be unstable, thus using Chen's teaching of PEO monolayers with 
the Boxer et al. patent would have no reasonable expectation of success. 

Additionally, lipids directly attached to a substrate have a static nature, in 
that they cannot move, and are "locked" in place by the substrate. By contrast, lipid 
bilayers membranes over a water layer are free to move about and rearrange to 
minimum energy configurations, and hence are dynamic In nature. A rigkJIy static lipid, 
even if Chen et al. had taught It, would have only remote similarity to the dynamic lipid 
bilayer membranes of Applicant's Invemion. Furthermore, the dynamic lipid bilayer 
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membranes tend to much more closely model segments of intact cell walls, and thus 
would be more useful for cell-cell interaction studies. 

Regarding the dynamic nature of dynamic lipid bllayer membranes, Boxer et al. 
stales at column 7, lines 1-5: "Functionally, the suitability of a material for use as a 
bilayer barrier surface region or a bilayewjompatlble surface region may be evaluated by 
the material's performance in a simple "fluorescence recovery after photobleaching" 
(FRAP) tesT. Boxer continues at column 7, lines 31-34, to state that: "When the above 
test Is camed out using a material capable of forming a bllayer-oompatlble surface, 
vesicles In the suspension wlU have fused with the surface fonning a supported bilayer 
containing the fluorescent reporter, and the localized exposure to photobleaching light 
will have bleached the area of the bilayer corresponding to the region of the surface on 
which the photobleaching light was focused. During the monitoring period, fluorescence 
in the bleached area of the bilayer win recover due to the fluidity of the supported bilayer." 
Thus, Boxer et al. essentially states that a usable lipid bilayer membrane over a water 
layer will exhibit FRAP recovery. Any layer using the teachings of Chen et al. would fail to 
exhibit such FRAP recovery as the layer would be bound to the substrate and hence 
static. 

As Chen et al. teaches of layers bound to the substrate, and Boxer et al. teaches 
a lipid bilayer supported by a water layer that has a fluid or dynamic nature, both 
references teach opposing techniques. The combination of both would work for neither, 
and there would be no reasonable expectation of success by such an unlikely 
combination. 

3. Chen and Boxer Individually and when combined do not teach or suggest all the 
claim limitations. 

The Applicant believes the Examiner has failed to establish a prima facie case of 
obviousness as set forth above for the various 35 U.S.C. 103(a) rejections addressed 
above. Applicant further believes that these grounds for rejection have been sufficiently 
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addressed and overcome, and respectfully requests reconsideration and withdrawal of 
these grounds for rejection. 

6. Additional Claim Fees 

No claims have been added, therefore there is no additional claim fee. 

7. Conclusion 

In view of the above. Applicant has fully responded to the Final OHIce Action. 
Applicant now requests an Advisory Action based on this Rnal Office Action Response. It 
is hoped that ail pending claims will now be allowed. 

Date: October 3, 2005 



Respectfully submitted, 




Joseph R. Milner, Ph. D., Reg. No. 42,896 
Lawrence Berkeley National Laboratory 
One Cyclotron Road. Mail Stop 90B0104 
Berkeley, CA 94720 
(510)486-4672 
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InjQuence of Receptor lateral Mobflity on Adh^^ 
Strengthening between Membranes Containmg LFAr3 and CD2 

IVYlng Oum,** Michad R Lawrence,** Michael L. Dustin,*^ Laura M- Fergmonp* 
David E, Galan,^ll^and Timothy A. Springer** 

*C«OTtet For Blood toearch, 800 Huntington . ^rwns^ 

^bSc^oSsS^ M°i«^ iCnacology, and (iMedicine. Harvard Medical ScbooU Boston, Massachuaetis 02115. 
IHcmaiology Diviiion, Brighaaiaod Wameo's Hospital, Boston. Maaaachusctts 021 15 



Abstn/ct. We have used an in vitio model system of 
gjass'^supponed planar membranes to study the effiBcta 
of (atetal mobiliiy of membiano-bound receptors on 
cell adheskm. Egt ptiospbatidyldioline (PQ bilayers 
in/etc reconstituted with two anchorage isofonm the 
adhesion molecule lymphocyte function-associated an- 
tigen S Tlte dlfi^on coefficient of glycosyl 
(rfiospbatidylinositoi (GPD-anchored LFA-3 ap- 
pt^adied diat of phospholipids in the btlayers, wheieas 
the transnieoibrano IJMy-mchof^ isofbnn of LFAs-3 
was immobile. Both static and laminar Ackv ass^ \vere 
used to quai^ the strength of adherence to the lipid 
bilayeis of die T lyn^Thoma cell line iuiicat thai 0Mr 
ptoses die connter-teceptor CD2. Cell adhesion ms 
dqpcndcnt on LFA-3 density and was more efficient on 
membtanes codtainiog the GPI isoform than the TM 
isofiirm. Kinetic measuremeals demiHistrated an iofln- 
ence of contact rime on the strength of adhesioa to the 



OPI isoform at lower site densities (2^-50 sites/^^), 
showing drnt die mobility d LFArS is in^rtant in 
adhesion strengthening. At higher site densities CU500 
site5/ftnf) and longer contact times (20 mio)« Jurlott 
cell bind^ to die TM and GPI isofbrms of LFA-S 
showed eqiiivalem adhesion soreogths, altboa^ adhe- 
sion strength of the GFI isoform developed twci^ld 
mom rapidly diaa die TM isoform. Reduction of CD2 
mobility on Juifcat oeHs at 5°C gready decreased die 
rate of adhesion stretigthening whh the TM isoform of 
LMr3, zesulti^g in a 3(>-£bld diffinence between the 
two LR\-3 isofoims. Our lesuhs demonstrate that the 
ability of a membrane receptor and its membrsite-* 
bound coonfeei^iteqvtor to diiinse leteraUy cnhanoes 
cell adhesion bodi by allowing accumulation of ligands 
in the ceil contact azea and by tnoeasing die rale of 
receptotvligand bmd fbimadon. 



CBLt-€6LL interactionB are involved in a divetse array 
of biologic^ ftmcdons ranging fnim moq^ogeaesis 
to the generation of immune responses. Specific 
surftoe glycoproteins are lau>wn to mediate cell adhesion by 
ligation widi specific counter-receptois. Binding of adhesion 
molecnles allows dose apposition of two or moreceUs, dur- 
ing which time the sanie adhesion molecules or odior recq>- 
tors in die contact area m^ mediate responses such as signal 
tzansductioft and cell locomotion (reviewed by Springer, 
1990). 

Bond formation between two adhesion molecules requires 
ttiat the cell membrwies containing diese molecules come 
Into closie contact. The frequency of random collision of 
receptor and counter-receptor molecules is likely to be l^v 
during die initial cell-cell contact given the low densities of 
adhesion molecules on the cell sur&ces. A substandal num- 
ber 4rf adhesive bonds may be requited to establish a stable 
cell-cell mteracdonu depending on the affinity between die 
receptor and counter-receptor. It has been shown previously 
that Fc receptors can redistribute to the contact area at 
which dae specific llgand b presented on die apposing cell 



9ur&ce, liposomes, or Utex beads (Miehl et al., 1983; 
McGosk^ and Foo, 1986). This contact-indnced receptor 
redistribution occuis as a passive pheaomentm and die 
strengdi of conjugation is foutid to correlate with die extent 
of R, receptor redistritnidon (McCloskey and I^o, 1986). 
Receptor redistribution tnay orfierwiac correhue with die 
oolocUization crf^toskeletal elements, such as that of lym^ 
phocyte foncdon-RSsociatcd antigen 1 (LR%4}* and Gbronec- 
tin ceceptor widi talui (Burridge, 1987; Kxt^ etal., 1989). 

Redistribution of adhesive receptors has been postulated 
to be important for efficient ceQ adhesion (reviewed in 
Silver and Kupfer, 1988). The ability of adhesive receptors 
(0 difhise laterally is predicted to becridcal for die formation 
of intercellular adhesion, and the adhesion strengdi should 
increase widi time. These predictioas have not been ex- 
perimentally tested or quanti^. however. Since the lateral 
mobility of cell sur&ce proteins msy difier by three ordm 
of magnitude (KH-IO"'^ cmVs) and may be emulated by as- 

tobtoKbiitr* 1^* b^mphoey to taicdon-ncsoeiMed uSigen; OtK octylH9-o- 
^jUOopyrAiXKiffe; TM, mnsxneinbt&nfi* 
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SSKr^ 1986; W^r aid EiiidiM98^ 1988; 
^etat, 1989). the ta»iilt«)Mi^ 
coles in^ play an importam role ia dclrnn^^ 
and IdoeticA of ceU adhesion. 

to tMs rtiidy, we wwixUnc the effects of adhetiooreo^tor 
mobflity <m CDZ-mcdiated T cell edhesioiL CD2 is ex- 
pressed an hmom T lymphocytes . Its coonter^reocptoc, ly m- 
phocyte ftincdcm-afiaocimed antigen 3 <LI^3), is a broadly 
distributed adhesion glycoprotein that exists in tvo meni'^ 
braae anchorage isofonns, one wift a glycosyl-phosphad- 
dylinositol (GPI) mcrfecy and the cdier with a transmembrane 
(TM)polypqpddc domain CDustin 1987fr;Sccd, 1987; 
Wallncr el al., 1987). CD2/LFA-3 wiiated adhesi<ffliB one 
of die padiways required ftw the intenction of T lymphocytes 
widi antlgen-prcseminR cetts and target ccUs springer, 
1990), and is iovalved in the imeraction of diynwqrtes wift 
tl^ndffCldtfadial cells in the thyintts (Denning etal., 1988; 
^Yhngelal.« 198S). We bm moorpofated die t«o isofonns 
of LIA-3 into g|as5*supported planar mendiranes; bi this 
flgrstem the iM^bno is laterally ix^^ 
isofona Is inmntnlB. We applied oontfoUed detachment 
fbrces to conqure the relative aAesive stiensdia of Jnrfeas 
T lyiDpboma cells binding thiuugh CD2 to the mobile and 
immobile l-FA-3 isoforms in planar membranes. Our results 
show that d]£ ^ility of receptors to diS^ iMer^y enhances 
adteion markedly, both by allowing a c ci nm ilati on cf lec^ 
tors in the oen contact area and increa^ng the rate of bond 

fbrmatio'Q* 

MaterUds and Methods 
mAbs and Cdi Lines 

Tlie sntLH^-^ oAb TS2/9 b « mm ^ tfldbod^ (SsadufrMadiid 

4 8l., 1982). It waffijiity $fQri6cdltam4ichBftU8lagpn«9to 
SephflfOM (Sigma Cbcanteal Co.. ljOtito.MO). TtolmtotT lynpJ^^ 
cell Une f^ ^' f ^^ ^ ta XMl 1640 gwdloni ointaifdDg \Q% rCS, 

5 mM fihaamia^ istl 5(> Mg^nd gem«iqfo^ 

of S'QWtb(5-9 X 10^ cdlsM) ^Btie und Itt ttqtnfaiMB^ 
Sow Cfyttawtry, ib«c oeUs «pi» 



Thp «ffi«aiy pttdflcBtto of btt beea des^^ 

19m tadtbeTM iaoSatm ftom fts GPI &Mtar-afdclatt izntaat nr a 
lyBBhiBbteeU cdl doM 33 CBOQfteder ei al., 1981). L8^ w dined 
ia bu40r 0(«taialng 1* (wtAol) octyW^-rfuowaM^^ 

tdo Bsnv <^o-Aul UboritDrlu, Rkhaimd, CA). 

UaaasNllir lipmoflm won pxcpvcd by the tndl»d oC OG Aalysn 

(MiBAie « al.. 198D, Eo PC (Aoirtl Mv PtOnm. AL) 

diluttd In ddnDftinn, dxifld tmder n vv^ 

vicoom (2I> ^ for 2 h. T1)a flkn w mtfiB94vfla 

mM Itts .EQ C^H $n>A50 mM Nfd (r5) oontaktaa 2% (wtfwO «. JM^ 

««s BtM wtA ap ec(^ ifohune of lom^ 

lypM^, 4$ M of die an laofeitt (mol «t S0-S5 »)) sad 7 

|«Km (kiwMn 61^70 kD> «f UM In ■ fM i^eliinw of t ml ykiMed 

'^'l^ iltn/^ in die pifiiiir w e w b iU M J, ftod the TOPtbgr <f >to/|inr' 

WW lii>Bar »ldi Llv^ c u>uiiiiUialo P In <he rwnep q«eA fa dib jepoit . The 

— — -«ns>mdat4*CoBder vgEinto 



^Bmedbyftotca^Bpo«oinCT">^°«tMtwtdia 

i^SLtof. M cLetn, W 15 into, 

tifled ««« &r St Iem2i h, sadthBS Msdiji 

dq«ittd «a ft dwpk* ons 8«»" oww^^ 
fiw«aljp» (la^ 1 ddcfcnwr, 

botiiimaf24«dtti«cttlliin:^dal», Aewi^^ 

icveitgd wider butter to Pil^ 

bwenicm anna, oavenap» (5 mm dteiv i 

bio llwtak; Wow Ubomtori«) by 
trie Ox, VhwdMd, NY) and 20-fd 

Ibr Samte flow asnsB, ^ iBdc9 X fiO nmk. 2 di^^ 
<»a» ^teda. Cei*a. ^im 1^ in 1^ 
iomt dw pl ^^ ptaccdVB» dBaiaica >pdatw(l<mdSaia)andflyaMC^^ 
glip a cm dsam; BeOco, vinetand, NJ) ^dmased to ajttttht lipmoM 
to Induce evipoiitkm darU* inolhtfton fimfi. Ajbtf d»|fl iWff ibbi » 
biaott wee tonoBlt cMWS UpoiQiws t«w loBWFwd by aevwrt 
biii£iK mednm. namr a M iOafln i it newer cxpoied to air. Ptoaar 
iii«iJjiMiiB»^ ^ «ew wwi »Mi^iainnaadoogdi«iouiaf aht^ 

to^^ iMci (^toraeur (ACAS 37ft; Mkridlm ImtniiiMlB^ Olnoa, 
NHXieeFRAPbt^. 

DetennlmiHbn 4f Ste l>erisMM 
byRaOaimmuMassoyM 

jtodioteuaimoaui^ M«d to datonnliio d» «^ 

tfM vpp«r teafiet of dw planar membfiBw. Fv eadi balc h <tf li po^mga 

iBCDsntlCBted widi dSlbeeat qoiaiie^ of Lfiva, pdasn i naiBbr aaes were 

fiBmjodon5HnnHEamiwwBdg|p»owfinl^ 

imiaodter pistes bi tripliieatfi » deacrfbtd above. ^^I4abeled 132/9 mAb 
(3 aCi/lig apfidfie aertv)^) «ta tanMod wvdi ^ mc^^ 
ixiaeoaflntndimollOM«/in&hiSOMbott(^ 10% PCS» 

25 odd HMi» l« 74) A 4°C far I b. XJttbotDd TDAb waa nowp^ 

la^raiKW whca wUh teo^ ttiedtom wias a 

aacb dial diotnwBbiHaaafwwfllw^yB waged 50^1 qfbM 

4md wort ewer atposed to air. tend niAb w dim feaniiwd by 01 M 

JVhOK fbr pnsna copidiije. Ofdy die li!Ar3 nnleaitea 

itpper leaflet of dia inaadirBiie biliyv ii'lrich are 

^ <nB«0ifltd. ForeipeiiiiMia iidflgl^ 

OM or abseaee of OOi 96h«wU ffllnodter plain wen oaed M dvi^^ 

above witboot omcnlipi. PioCBim 

odM adMipdoa ata oa ptoatfc ii-«o Md« by iaotdato 

fhiiiw 1% beaMRatad(i(rc;20ndn)boi4ooBerncatfbtdna 

<U>a% BOdiam aride at 32*C fl>r I b, R wliuUuaaia eaaiys w a jwfciu ie d 

as deacribrt Ibr pjaoar laeaAraaw ow^ that wboond o«i» waa 

by 8 aspiiadda ^mlies \SM\m sa oneitt21-9n9» aeedte. 

The altB deaaitiee of U'A-^ were c^adB«»d baeed o&a 11^ 
h« of dK iniHi^S niAb TSZ/9 it to nnnadna ooBceatzadoihi Siaadart 
deviKHm of aHa deasUea detBOBiadim ahewB to 
plite iovetsfoa asa^a. ESadAv dow anttya, dte ooml^ 
IF/^'i in ptafiar membiaaes bwnirtimed in die teoEt sod flgmes oonvspond 
to oenisl aMSSored vatooa la aHn^aciinuod nuoroiu as fidLowa: fift die QPl 



bodbr dtai'is^aa* 
tDia^ndss^ Ujdd otcidsdoar 



isolbna. l^: 1.452 ± I2d; W)00: »4 ± 31; 250; 25S ± 9; 50t » ± 
2U25: Z7 ± 4; fbr the TM iaofiffm, USOO: 1.491 £ 13l UMXh WW ± 

46; 350: 370 ± 33; 30: 56 db X 

ScQtchatdAMays(i$ ^the 7S2/9 itiAft BfruUiv 

LFAr3 iaofttiiBa were coated on plaade in 96«eil mifatnHer plalet bi die 
pnsoiKeofasA OO OB described above, andoteadwn>t^ en pla»^ 
do wombtocMby tacabRtU^ widi TScOTttw^ 
OjQflft aodJta w«fl at 37*^ te 4 h, ibftomrf ^ 4"C for 16 b- ™I-labdod 
TS2/9 mAb wia added la a serial dOntiOB of 0JD9 to 10 In Uodlag 
nwd»ioai!^ waaiflCW*a|idat4*Ctor lehbcdbiotiiaabioa. NompeddG 
bindlBs of >>9t-1abdfid TS2A wu deienttiBfid d» pRwAeD Of lOO^M 

eSMboond. ll»dari¥ed BpselflobtBdfag WB8 VKd to^ 



3 
B 



I 

S 

S 
I 



Tbe Jouiml vfCdl Bielogy. Vehnis 115. t99t 



246 



PA(X2e'R(»DAT1l»3l20054:36:24PM[EaslmiDayli9titrm^^ 



10/03/2005 13:39 510-486-7896 



LBL PATENT DEPARMEhJT 



PAGE 



Scttctart ■ntWi •!» ^ ^ ^ ^^^^ 

Sfc STSSU p^hably ^'^^'^^Z''^'^^ 
oovCTBttpj. Hn#ev«, JCi v»ta« were «inite 
Of tSftrS to lipid bilayen and W x lOr* M), 

FluartscenceReeapen^ 

CtrtAtfitton rf TSW n^b to ftiDi^^ 

Chi^Co.) wi canted om itshig rtundnd tnetfwdi C<Wto»» i*^. 
oK«iit th« FTTC w dfa«>!ved in cfiniB^ 

far memUaiirt contahF"^ LB^ we iacttbitBd with FnC-coBjngmd 
1S2/9 at fbr 30 hbb and tfan vnahed. tlie wadied aDembcaiMS on 
dais cP«««aIJ0 WW ttMBfcfw* » a fil^ 

^aanentt wgtc tafcen wjAln 120 mta of alide pw p tro t in a. N^-T^uuPeiur 

(AwBti Upifltf touuipui aifl d into e» ?C tipoiainw (Z inol%) to 
A^^in <fce iKwal mobilfty of phoBpttotip*^a in tte ptoar men topp . 

FRAP meastitttDenB ««xe perfbnned ^ 
rfvtlaaer 9ytaiDetcr«i22'C ttdan dila^anilj^^ 
linear least sqnafM algoriihm (Bevipgiors 1969; Amlma «lal.r 19 70; Qo - 
tan et d.. t98Q. Tta d|»«ilk«ia 
a« desenbetf Af«teo (tagpm. U M., a al.> 
tkm). Ma*ttrii«hitaBi»twaandainpllficatiMie^^ 
BwtftBBgnalftwnTtnlabdBdbUaym w<l* of the flttottaccooe ugnal 
ftnmttelabdW Waytts. nuoiioMB^ 
TMiwIbniwoflJAOwlyiifcilftfi^ 
tivdy. 

Dtftermmofioii ^tflsoelectrte Points 

pioleins «m sqiaiBifid by IsodecttiG Ibcofing In 
Mh prtl o lfe»)o5h^pl2J-5J0aiPiWytc<(PhMi^ 
Tlie pi siBdlkait waa defcamjlBod by sikit^ (ho (ul» ge l^ into jMn m^king 
pieces, equilibrBting with ikgaaed difitlUcd wway AAd l utMuil iHi i^ pH 
<Cn>0idl, 1975), PioiBiiBW««fUitl*er«BpfalBdbdKiocond*i^^ 
ty $PS>M(3E bcfocE siher staining. 

Plata Invmian Assays 

isoibnnft fteoastitiiiM In p9tii>r oKnbniKi or busted on plastic 
wa pitpaitd in 96^U miooillieT platen. Jurkat cells wem bMed 
2^7-bis-a-«rt««J«*J>yO-5(«d^ (acetoxyimahy! cs- 

to) (Mirieoolv Ihohes, Et^^ne, OR) in1midii«]nadhun(RFMl, 10% PCS, 
25 mM ^lepest, pH 7.4) at 2Z"C «it ^ mis and wastxid. Ubdcd cells 
aO'NnU) aUowed to vttic (xnto BttlMtnttn 
^ttenln«Bneddn-thinfttaidBfllkdwtthPBS<^7^)coot«l^ 
BSA to detach Midwnndodla.Bovmd celts we DBAind^iJd^^ 
plaie fvdv (Paadex, Baxter HalthcaieCofp.* Mandaion, u.). mcel- 
<^ of ccUft bound «m dBtennined dhriAng dte fh^^ 
cella ly dnt of total fa^ cdl^ 

Laminar flew A^Biesion Assays 

FUnsr menabrtnes contwnii^ dthcr fif the LBV3 bcArau wen tonnadin 
adeiiiBzcatcdaicaciiag]a!issUde(45 x QO mtn). The glaaa slide w at- 
sBEot^ad in a penUel p^ laminar flow cbamber (300 /im gap AkKncv) 
inwhidiimiftnB«ett itiwitK«saiipitDdueed(Ln^^ 
tecel]i(3 X 10" cdlaM>«eiBinnDdecad into Ilia cfaaanbcrdK^^ 
injection port and allowed to Botdc All oeUscame in caaniact with the meish 
bfaiKwiAiii406,aahidiadedlvthfiircnttyiidothas™»<^ C<»- 
ootUadflovr was appUad Utcwing Jncubidon periods tanging ftom 3 (o 60 
mhi.ThehWBlrtaiarfbMewClJ dyaa/cnn this feioe waa Increased ev- 
ery 20 a a iraximoni of 16 dyncAnn^. Plots of dBteefameAt ^Ith ttane 
showed two rates; vitb 95% of the edU that DttiDiiidy daadi^ 
moved wifMn 20 a «^ die lemaiinog 5% over the ned 140 % W heartl l 
contact llnw weae IhDited to 9 min or leas, dieer stRsses w«ea not fleqoen- 
tlally tneteaDenled. biMd, oeh detemdnsdoQ of bhuBng at e flm abear 
^ttea was an independemmeafinremeBt, Bach sieiTilraie Qsed ^ 
moic than dnee cbD injcodoos to minbiili;^ the effect of possible loss of 
IJ^3 or disttipdioit oftha raenrinanBL Amhilinm 
were scantasd beftae and after staitfatg flea* to rtnain the peacemagp of 
hutot gbDs booiid. All experhneols yittt leeofded on videotapes. 



TdfleL Lateral Moimy of U^A'3hof^ 
Phtf^fuO^ Atialogue in Planar MeMranes^ 



TiDgBt 



Dl^Atoa 
coafilciem 



Piacdonal 



FrrC-TS2/9 TMI-FA'3 
FrrC-TS2/9 0P1LFA.3 
NBO-PE HBD-VB 



(JO-* aiem m ^ 

9 <10 76 

2J ± 1.0« 73 ± 131 55 

14 ± 5 94 ± 7 3d 



* Date mttt tstei ftum ounar monbranes cooiajbihiB chher LFA-3 isoftra at 

t Al^gb the she denutiea of OP^aa toed tFA>3 n« dja flie^^ 
4«Ufia -wtt^iMm wm noi BUbkoBed to PRAP ffleaionandtts. tba oflM or 



biiKHMBipataienBw«iJttBilb!^CBedtoP^ 

Mligilile flhteO <1* of tfte flwnbranB awftcB aiaa waa CcCOpled by LFA-S 

tnckcelBs (^aDofason ct al., I9rr). . 

I tMAlBOd coefilcienl floidd net bo dBtnrflUB«d bacaiuc fracoOOM racovery 

Tlli^SSal dlfltailoii of On-anchorad LPAfS w complCfdy ata^shad bjr 
ccose-Hoddag tfaia isdenn wWi anoonjagsittd TSZ^ mAb MSowad by PTTC* 
coojiLgitEd goal ontl-roausc Ig (dale get iibovni). 



Remits 

The GPI Ist^im qfLEi-3 Is Motrik and the TM 

tscfifrm Is InmobOe in Planar Me^ 

FITC-coajugBted TS2/9 mAb was used to iBbd 1^ 

TM tsofetms of LBAr3 incorponted in the upper leaflet of 

(lKemFCp!ax2erinanbi^nes.Thet&tcndiiiobilitie9 of these 

isofonDB woe detenniiicdtiy FRAP etZ2''C (lU^IeD. The 

TM isofonn hvas eseenlially iminobile, with <10% ftfictkmal 

itcovezy. Imnx^nHzaiion of the TM isofonn iti the memr 

bxRne bikr^ ws pitibAl^ diie to iiiteraetion ^ 

mic domain 02 anmio acid residues) wttfa the glesa surfoce^ 

as previously postniated for other transmcmbrBoe proceias 

(0rlan end MeOomieU, 1984; Witts et al., 1984; McCon- 

oelletaL, 1986). Thebckof nnbmiy af1fa6TM-«idi^ 

LFA-3 flbo indicated that the planar niBtthcaaM TTO nni- 

fMtnly comp(»ed of a sm^c lipid bileg^ 

»)chared pmtetns wookl ootbe able to inlBnH:t 

^bfltme in imltnaindaar bih^ «nd would dieteby ^ 

mohile. 

The lateral diffusion coeffideot of the GPI isofinm was 2.3 
± 1.0 X IC^ cmVs with 73 ± 13% Iractional i«oovefy. 
NB1>P£t a fluoitscem lAospfaolipid analog incoipoffated 
into the egg PC planar mexobnioe, hed adiffuiion coefiici^ 
of 1.4 ± a5 X !<)-• citf/s with 9^ ±7% fractional tecow- 
e»y. Ttte moMU^ panuoaeten of GPI-anchored LPAr3 and 
N0>-P£ are aimilar to those reported to other GFl- 
anchored piOteiQS on oeU surbces acid phospholipid aoakigs 
in liposomes^ gUsB-siWoned lipid meiocdsranes, and cell 
membmnes* respectivdy (Wm at al., 1984; Itom and 
McConncll, 1985; Ishihara et al,, 1987; Nodt et al., 1987, 
Ihmm, 1988). The data also suggest thai the ditfuaion of 
OPI-onchoted LPA-3 in the upper leaflet of flumbiane bil^ 
efs was not affected hy the LFA-3 molecule$ incorporated in 
the lower leaflet which were likely iniinobiUzed due to 
acdon with the glass sitetraft via the axnncdtular don^ 

The T\vo 1^3 Is<^rm Have Similar le^ 
cfNegativa Charge 

Obt»lnii« homog^neons OPI aiidlM isofbrsis of U^3 le- 
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3.6 40 
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4.6 





GPI LFA-3 



TM LFA-3 



ffglifip 7, l>rtgtini nation of idO- 
eleotdo points of the OPI and 
IMiwfomsof UM. Purified 
LFA-3 iaoltansft wift analyzed ia 
tbe first dbnensloa by isoelectric 
facnaiDg and in the second di- 
meviaii fry SDS-iO% BWE un- 
der noombxiflg oonditkms. Pro- 
tein sepQietUm ^as viaualized ty 
silver titaxnlns. The BtiedBiiig pat- 
tern of silver Uaamng from 
tqp of die gel analyziog TM-an- 
ctioicd ti^3 is due to leacikm 
wUh a cofnponeiit of die agnose 
used to secuw the cube ^ to the 



quined punfication from diffietent cdl types* Ths OPI iso* 
{bnn iwiia fiom erythiocytes and is 50-55 kD io mo^ 

leoitarimiglK. Tta TM isoteni was isolated £rom Amutant 
B lyn^blastoid line, lY dooe 33, that is defines 
anchofvd proteiaa and ia 60-70 kD in molecolar we^ 
(Dustitt et al., 198%; Hdlander et al.» 1988). Hie variation 
in mdepilar weight of each isofonn is dne to glycosyladon 
difSsrenoes (Dustu et al., 1987^). Althouglb the carfjohy- 
dxate portion of is not required fbr CD2 bindii^ 
(Gian mi SpxingPCk unpublished observation)» sialic acids 
on glycoproteins ccoitribute negative diai]^ which may re^ 
ault in s^oificaitt repulsive fymcs between molecules- lb de- 
termine whether the difikxence in glycosylatioo of the two 
isdbtms results in diflbnem levels of negative char^ge, the 
Isoetectrio potiiis (pi) <^ the tw i8Qft>rixffi wet» 
aurol (Fig. 1). Bo4i iscfoiins resolved around pi 4jO at the 
acidic end. lliey shcwld therefine exeit sicDilar repulsxvo 
dSicte upon ii ai e iac ti on with C02. 

The 7Vo LEArB Isqfarms Presen t Equiyatent Binding 
Affimtiesjbrm mAb 

lb lEutther cotnpaie the blndisKg properties of the two iao- 
faaaoB of IJPA-3 and validaie the site density detennittation 
of tbe isofbnns (see discussion bel w), the affinities of the 
isofbnns for die T$2/9 mAb were detenii ine d. mAbbisdiflg 
to either tbe GFI or TM isofbrm reached saturation between 
2 and 3 MS^ml (Fig. 2 a). Scatcham plots showed simD 
sodation oonstanta (£5* L8 x 10*^ M ibr the OPI isafoiin 
and 2^ X 10^ M fi)r the TM isolbim (Rg. 2 b). 

CmtaMngMcbUe than to immotOe LEUri 
GPI sfidTM isofiwins of Lfi\r3 were teoonatitutfid hi planar 
memluraoeB at site densities cS 10-1,500 molecata/fini^ and 
used to oom^afe the efficiency of cdl binding to mcMe and 
hnmobiie adhesion ree^toiB. Most oftfaeexperimeania were 
perfbnued at 22*C a temperanire ^eie cytotoKk T lyrn^ 



phoc^tes conjugate widi cells (Balk and Mesefaer, 
1981), Hie CI^/LFA-3 mteraction 19 one of the two major 
adhesion pathw^ in c<»jug«tion between antigBn-Bpecific T 
lympfepcytes andtarget ceils (Springer, 1990). Jurkat T lyinr 
phoma celb were allinrad to bind la Ifan plaiiar me^^ 
al 22*C for 1 h and uhlxmiid celh were lemoved by gravity 
in plate lineision as8^» tekat calls adhaied to planar 
bikgicn ooittaiini« li'A-a (Hg. 3 a) to 
branes lacking LR\r3 0-1 ± 0^6%) or to glass coveislips 
Bbne. JurtOit cells boimd 10 the GQPI iaoAm at site daoa^ 
one Older of magnitude lower than tboseieqiiixed ftit bi^^ 
to die TM iaoisnn. 

Jurkat CeOsBindSimilurty fo GPI and TMis^rm 

lb test whether the dllfereaoes m Jurkat cell Wndhig ef- 
wexe ^ to difibrences in die lateral inolriliQr of 
the OFI and TM isofonm in planar membnnes* we msa- 
suied bindhig to bodi isoSb^ zmflMbiUzed on pl^^ 
(Pig. 3, ^ and c) . When die IJ»r3 proteins were coated on 
^asttc m boffin- containing Oil% octyl-jg-P-glucopyranoskle 
(OC), below the critical xniceUe concentration of this deter- 
gent <a7%), Jmkat cell bindhig to the isoform ORg. 3 
A) decreased lo a level comparable to dud fbr binding to the 
17^ iaofbrm in plumr menibxanes (Fig. 3 a). The site density 
at 50% ceQ binding was twofold lower for the OH iacAnm 
than die TM isdbrm QP|g. 3 lb eUmlnaie die potential 
dfects of diflSsrent duster sixes of die hmnobtlized LEAr3 
isoforms (pi^ et al., 1989), LR^-3 was coated in mono- 
meric form on i^asdc in budbr oontaiwng 08% 00, above 
die cridcai micelte coRoentTBdon of GO. Under dieae condi- 
tions. luckBt ceQ binding to die OPI isoform decreased fur- 
dnr, and became twofold less edldent dun binding to dse 
TM Ifiofonn CPlg. 3 c). Cdl bindnig to USV3 at hl^ site 
deosidea conldnotbetealedbeeanse dke adsorpdon of XJ^3 
to plaadc wtaa laaa efficient in 00 coeceflBadona above the 
critieal micelle uou c cntiad on, Dispenioa of LR\*3 mono- 
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SpnclRc TS2f9 Sound <pM> 

boa UPA-^a i80«WTO- (a) Hw OM {open square) and TM (wfirf 
cirdes) iaolbfflM of we ooflwdflnpfiMtlc tabaflferooiii»» 
ing ai5S OG and were siib^cttd to satuifltloa bimfing of 
lalH^ TS2/9 mAb 10 preseODC 0rafam tt^ 

of 100^ access mikbded mAK Stttldild dcirt^ 
derived from tr^Ucate samples and expeameoti were peifiiiilMd 
twfae witih sisQilar lesalb. (/») %eeific faiDd^ 
jnAb to each of the <jPI aod TM liofoiiitt 
analyftie to dewnnliie their diisocledaD o o u t a n ta (JCO* 



men ob plasdc resulmd in knv ceU blnd^og Icvds for both 
{eofbnns. Tliese deia togofacT ebomd tbat inim^^ 
the two LPA-3 imfimtts led to dgniflcant decx«^e$ in both 
GcH adhesion efflckmcy and the d iire reno es bfaidiqg be- 
tween Ae isofbrms. 

CeUAOieam to the GPllsK^fam^lFArSlnerwm 
with Sie Density and Time 
A lianiner Sow ^tcm used to g^ncnte ctmtn^ 
force capMe of detaching ccUe boimd to ihc LFArS isofixms 
in plAn&r mendtranes. In these laminar dow assays, Jnitat 
celts were allowed to settle for 20 min onto planar mem- 
branes containing the OPI iadbnn at 25-1,500 sites/fOziP. A 
shear force of aS to 16 dyne/cm' was then api^ed Bar 20 s. 



10000 



XFA-S SItBfl/fiq. inlcroA 
FigmS Bhalhlgof JintecdbtoLBVaisafannsicoofiStt^^ 
fai («) planar rngprtwaiiffi or costed on plssdc m (b) ai% OO or 
(c) Q.S% OG^ belov and above the critics] micdle conceatnttoo, 
lespecdvely. Joifatedls wen allowed to bizid to LE4p3 for 1 h be- 
Ibie unbound aOU ^vcfb nsooved by piste invoraim). Ceils did oot 
adheie to bUoh jilanar ui e aibraec s or plastiCi tefidanl deviario ne 
rae derived from triplicate seniles. Experimeatswr— — 
Arlpe with similar iMUhs. 



The inmase in ttie Juzkat cell adhesion strongtfa with in- 
creaamg WVr3 site density was iJhuttatnd by 
centage of ceils bound at a giwn shear stress (Pig. ^ ^ 
weH as the bctesae in shear stress lequixed to detach 50% 
of boimd cells (iNg. 4 c). Juricet oeU budding to die ^ 
fann incmaed similarly with site doisity (Rg. 4 6l» oonsi^ 
tent with lesnila torn die {date bnersion assi^ described 
above (Ftg. 3 a) . Bdwevor, half-maxiDial shear stress resis- 
tance w« dev^oped at a fivefold bHver site density for tho 
GW iaofom CRR- 4 c). Joitatt cafl bbdJng was iw^ 
to die OFI i«oform than to the TM laoform at loMf $ite den^ 
sities «350 sites/pn^, whereas the stieflgtb of buidiflg to 
bodi isoiSmns was ogpihnlent at hi^r site deoaidcs <U)00- 
1^00 sites/^m^). 

lb study die effbcis of incubatioo dmeon die development 
of cell adhesion strcngdi, laminar Qow asss^ys wera per- 
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25 sha8/kq> micron 



0 2 4 6 8 ia 12 14 16 18 20 
shear stress (dynes/sq cm) 




1500 



LFArS ifenaity <9ll«snq micn>n) 
flgiat4, SteirsttwmbtaiiEQOf JMcttcctUbamidtothc^^ 
■nd Isofeitts of UMr^ In pl^^ 
deiiridtt. Mlntcdb im aDon^ 

mlnlidbiA fixed levds of ^be«rfbioB were apfflied. Cells ilid not 
mMmwm h\ank jAmr mottihtmA. PncciitaftO qf "^^jfg^'^^ 
^filfrfttmflheaf fbroe»tBetenic«nwdue»oftwotofiv^ 

M of lofflnt ceU titidybig to bcA 

lite densHiea of WI aod TM toolbnis. 



fbmwd tiding tlieOPI isofonuof LFAr3 io planar ineinbxftaes 
and JurhBt cell contact tlnies of 5 and 20 Qiin (Pig* S). Cdl 
binding iocteased with time at site densities of 25 and 30 
Bites/Mcn^ (Fig. a and 6)» whenas the increase ai the site 
density of 250 sites/Mm'' was sman (Pig. S Al 1^ 




0 2 4 e 8 10 12 
shear strops (dynes/sqcm) 

fSgunS, Shear8t}:e9 reauttDceofJaMoettatKmndtotheOPl 
isoftnTDof LFi^3 iafdanff ntembraoefl atediffn^ 
Planar memUnoes coatmnsng OFS-ancboced LFAr3 at (a) 25, (fr) 
50» (c) Z5Q, and IjOCX) 9it««/|un2 were sufegected to JmM oall 
fauKtiag o itpeHm e nP bb descrflMd m Fig. 4* thrt dte shear 
fincOiMfl ^Ued after either 5 oc 20 ittin of coniAct. Fbxcentases 
of oell binding mean values of to Ave expetiiDionts; 9tai>- 
datd ecion are diiMwn in bata. 
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shear 1 



J5l«tfF Shear atiesa iwistanc* of Jte» 

ifrfci 30 minhctodrtiK*niMhy shears 4. Ptaccmagw of «cn buidiag ^ mean 



sites/jvm=* ifae increaae in odl bindiiig wifh time was insig- 
olilcaiii, ^iv<i^ng that cdl adhc^ strength had reached 
a plateajp by 5 flun (Fig. S 

the depeodence df cell adheaion atrenglh on the densiiy 
of die on isoform (rfLfi\-3 and the length of contact time 
was significant in the nuige of 25-50 sitcs^^* and 5-20 
mill Off cell contact, respectively. Since an awrage Jurkat odl 
is 14 /im tn diameter (Fetigusm et al. , ui^blhhed obsena- 
tioo) and has a tztean Cl^ ceQ sntftce eKpression of g x 
10* raolccolcs per cdl (Plunketl and Springy 1986; baaed 
on Enonovalent binding of xnAb at a saturating concentxa- 
don) * the CD2 density on an average Jufkat odl is estfanafted 



to be slles/^m^. The efiect of LFA-^ site dennty and 
comaccdme on cell binding suggests that^ at LFA-3 site den- 
sities less than die sur&oe density oi CD2 on Jurkat cells, 
die GFI iflofenn acconmlatea gradually within 20 nnn into 
die contact area. 

At High SUe Densitks qfUPAri Jurkat Cell 
Bindtngtothe Gn mdTMIsqfiirmsIsE^dy^mtai 

AmenmcB SimgikenSng 

Tte t^aenntions diat Juilcat ceU binding to the on u 
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f^rv 7 EActs of lower temperature on Juikai cell to 
LI^3isaRmn9Ml4ghdaisities in planar membiBiies. Joxkatcdb 
were allowed to Usd to tbo (a) OPl or (6) TM isofonns at 1,500 
aitea^/im* at5*Cfor3.5, 20tor60min before detehmem 
stiear Ibrce as described In Figa. 4 and 1 Enor bus repress 
daiddevintions of ceUbindiAgift 10-20 video fickh. (c>Tliesbear 
sties at the 50% lo¥el of JodBtt ceH Usidlqg to bodi isofb^ 
ptooiad asainst contact tbna- 

of LFA-3 at a density of IJWK) sites/fiin* reached maximal 
ddhesicQ strength withia 5 min, and that JuHcat cells bound 
equally well to the GPI and TM isofonns at densities <IjOOO 
sltes/fon^ and contact time of 20 niin» suggested diat the 
LFA-3 on the substrate saturaoed the C02 on Jurlcat cells and 
fte accumulation of GPI-anchored LPA-S into the cell con- 
tact area did not occur or least wns not be critical at such 



_ I site densities, lb test wbedier die Idnetica of adhesion 
stretigthemiig dijEfo[Bd« we used 

mc developnieiit of dsear mistance at a LFA-3 density of 
1^00 sxtea/^ after 3, S, and 20 min of contact (Fig. 6^. 
a-c). As ^howD by the shear stress required to detach 50% of 
bound cells, the development of strong cell bindh^ to tfieGFt 
isolbnn was fester than that to the TM isofbrm (Fig. 6 d). 
Cell binding to the GPI isolDntt ceacbed maximum strength 
between 3 and 5 nrin, \i4)eteas the bin^t^ to the TM isofor^ 
leac^wxl raaxinnuin between 5 and 20 nun. The time 
to reach half-tnaximal shear stiess tesistance ^ 2 and 4.5 
min for the GPI and TM isofoim, respectively. As fbund in 
the experinienta described above, the ceil binding strength 
was equivalent for both isofonns after 20 min of contact titne 
(Fig« 6, c and li). 

We further assessed the importance of the mobility of CD2 
in the odl oooftact area for tte kinedca of adhesion strength- 
ening, lb fi)cns m the etifeda of era mobiUty and redistribu- 
don, tafluttarflowas8a(rswexecaniedoutafier3i5,2a and 
60 mio (tf cell oontaet at (Fig. 7* a and b). The lateral 
diffusion of lipids in die egg PC planar memb ra nes is not re- 
duced at this temperature (Tuinn and McCmmell, 19^5), 
vdiereas the diffusicn of gi>copro te ins in plasn» cneinbKanes 
is aigniUcandy diminislMd ('vSQ-fold for the major hiato- 
compatibilii^ comf^ex (MHQ molecules) (Petit and Edidin, 
1974). The rale <^ Jurkat cell adhesion strengthening was 
reduced 16-fold for the TM tsafom of LR\-3 under Uiese 
coDditxons; developnient of a half-maximal shear stress re- 
sistance of 5.5 dyz^cm^ took 60 min at (Eig. 7ccGm- 
paied with Fig. 6 d). Maximum Jurkat cell binding to the 
GPI tsoform was reached in 5 min at bodi temperatures, and 
half-maximal shear stress resistance cf 5.5 dyne/cm^ wa$ 
reached in 1.9 min at S^'C and 1.4 min at 22^C The adhesive 
stxei^ at cquifibrhim for OFI-atichored ^ lo^ 
at S*C, U dyfiefam? compared with 16 dynes/cm^ at TTC 



IXseuasion 

We have used a glass-supported planar menforane system 
reconstituted with mobUe GPI ot ixmnobrile TM Isoforms of 
the adhesion molecule LRV3 to eicamine the influence of 
receptor lateral m^>ility on the strength of cell adhesion, 
Botti equiUbrhm) and Idnedc measuremsnb of cell adhesion 
showed that die ability of membnaxe-bouod receptors to 
difiise laterally enhanced adhesion strengdi marloedly. lb 
quanti^ the rate and Gtlent of adhesive bond formation, the 
adhesive strength of CD2-beati)0« Juftcat cells was measured 
at defined levds of detachment force. At low densities cf the 
GPI rsoionn of Lfi\-3 (25-50 sites/^'), the strengdi of 
oeli adhesitm was likely detenmned ty die aocumulattoo of 
mobile GPI-anc h otedLB\p3 into the cell contact area, thus 
hiereasing the mmto of bmb foreaed. Lcsw densities of the 
immobae TM isofonii of LEi^3» ill coolrast, mediated only 
weak adheston. At tiie highest site density 0400 sitea/^^), 
lM)th the GPI aiid TM isefofus dfI^-3 mediated strong ad- 
hesion after ]oog perioda of cell contact. Meaavromeats at 
shorter cell contact thnes showed a grcat^ enhanced tale of 
adhesion strengthening for die GPI isofonn, howevei; inqdy^ 
in^ a hls^ rate of bond formation for dM on 

isofotro Qian for the TM tsofonn. Bj^erimentt at 5^ denh 
onstrated the im p or ta nce of CD2 mobiliiy in s t pwi^g then i n g 



i 
I 

I 

S 



The l«wTwi| of Cell fiifiloay, VohuM 119, t99] 



252 



PAGE 27/30*R(»DAT1ll/3l2005 4:36:24 PM [Eastern ^^^^^ 



10/83/2085 13:39 518-486-7896 LBL PATENT DEPARMENT PAGE 28/38 



i»U adhesion to lii^ b9qm c«nt4ifiiiig the 
Isolbiiii. 

Id bodi pUte inversion aod laminv flc^ assays, Jmtot 
ceilft bound to tfae mobile GPI iMilbnn of dt deasities 
lovwr an ofder of magmtnde titto the densities of jomxh 
bile TMno&mi required fin* binding. Coniparison betwei^ 
the isoelectric points of the two LFA-3 isoftems sugg^ so 
giott charge (filferences dttt could acooiuit for a 10-told 
dififexeoce in dse affinily of the isolbrms ior CD2« Pveioous 
esdmates of the avidity of puiifwd CD2 tot either die GFI 
isotoQ on erythrocytes or a roixtuie of GFI and TM iao- 
forms on lY cells were similar (Selwaj ec al., l9^aM 
S^rc et al. , 1989). Fbrthennore* the GPI and TM isoforros 
have equivalent affinities lor TS2/9 mAb, resulting in equiva- 
lent estimation of site densities. Finally* immobilizadon of 
the GPI isofonn on pJastic reduced its trinding efficiency to a 
level oomparablc to ihat Of the TM istrfonn. Ibgether, diese 
observaiioas stfpngly suggest diat die difiiereneea in Jurtet 
cell bffldiQg effic^ncy to the two ISM isafbixm in planar 
membrasies were due to diflisxeoces in mcrinlity and 
ixn to difSneuccs in die affimty of die iso<^^ 
the deterininatioA of site density* 

DevBtopmcnt of adhesive strengA between JurkU cdla 
and planar memtnaoes containing die GPI Isofbnn clLBM 
dumd significaxit dme d^»ndence at site densitiea 
lower dian die sur&ce den^ty of CD2 on Jurkat cells (125 
sites/^ao^* This suggests that when Juricat cells niakD oon^ 
tact widi ibc planar me m branes and LEM becomes ligaled 
to CD2 in die contact are&, net difibslon of free LFAr3 into 
the contact area occurs^ aHowiqK farther bond fbnnadon and 
Inciessed concentration of total LBAp3 in die contact area. 
Based on die measured difi^ision ooeffident, die root mean 
sqjuare dispLacement of fteely dilAislve GPt-an(±Kiied LEM 
iBl6b6/iinin5imn(Sheet2etal., 1990). Since the Everage 
diameter of a Juikat cell Is 14 ^m, the rapid tncAility of GPI- 
andmed LBM tnaloBS a mediaiiism in whidi die LIA-3 
coocentradon ixicm«es in the oontact area dne to accutnida- 
tion of mobile Lfi\-3 physically pUusihle. Indeed, we feond 
that the adhesive streogdi of Juikat ceil binding to the GFI 
jsofonn of LFA-3 increases significandy between 5 and 20 
ndo. In dus model of adhesion strei^dieniQg dien, al low 
dedsiticfl of GPI-anchoTcd UFM the reaction between CD2 
and LFA-3 is initially limited by the density of LEftrl lb 
bind a substantial percentage of CD2 moiecules, Bocamnla- 
tipn of LFA-3 into the contaa ase» 1$ required. Diffusion- 
dependent entrapment of mobile ligands would be predicted 
to uhimately equilibrate at a Iml dint depends on the 
CD2/LPA-3 affinity^ die CD2 density, and die initial LHAr3 



Consistent widi dus model of receptor accomukdon, 
soong Jurloat odl bindirig required less oell contact time at 
densities of GPf-anchoied LBV-3 dmt were sigdficaiiity 
greater than the density of CD2 on Juikat cells. Further- 
more, at the highest LR^3 density of 1,500 sites/fim>, die 
strengdi of Jurloat ceU binding after 20 min of cell contact 
was equivaiem for die TM and d» GPI isofonns. These ob- 
servations suggest thatt at such high LFA^B densities, most 
<^ the avaiiable CD2 molecules in the cell contact area were 
ligatBd and little accnmuladon of die GPT-aochored LFA-3 
cni^t take place. There^, the number of adhesive bonds 
formed with die TM and GPI isofbrms is approxifflafeeiy the 
same at equilibnniro. Jiirloit cell binding to die GPI isoform 
feaehed maximum strei^ih in sjgniileaniay less time (5 min) 



dian binding to die TMisofimn (20 min). It is likely diat, 
even at hi^ site densities* die mobility of GPI-anchored 
LB\-3 msults Jn a higher mte of molecule encounters widi 
CD2 and thus a higher Irutial rate of bond formation com- 
pared to the immobile TM isoSorm. 

The rate of CD2 ligation to die TM isoform of LEAr3 
pearv to be limited by die lateral mobUity of CD2 on Jurint 
cells. The diffiasion coeffidem of CD2 on Jurfcat cells is not 
known, but its laige cy tt^dasmic domain rich in basic amino 
acid residues (Sewdl ei al., 19S6; et al., 1987; Seed 
and ATuffb, 1987) suggests dial it may be aasodaiad widi 
cytosiceletai elements and may dierefore fay less mobile dian 
die GPI isoft^rm of LFA-3 in planar membraxies. Disni^timi 
of actia filaments widi cytochalasin B enhanced Jurkat cell 
binding to planar membranes containing the GPI isoform of 
LI%r3» possibly because die mobility of CD2 was iiKOTased 
(Chan^ P.-Y., and T^ Springer, unpublished observcition). 
Data i^om laminar flow assays performed at 5^C Amher sup- 
port this hypothesis. Under low temperatux^ conditio&s, 
TM^anchored receptors on nucleated cells have been shown 
to difibae more simply than as ambient temperamres (Petit 
and Edidin, 1974; lacobacm et al., 1984). The mobill^ of 
die MHC molecules on lympbocytes was rednced fay SO^d 
from 22'C to S'^C and diat of CD44 on fibiobiasiB ma de- 
creased fay 2-^14 from 24"^ lo 9^C The reduction in recep- 
tor mobility may be partiy attnbuied to tiie reduction in 
merabiane fluidity as well as partiy to the decrease in ran- 
dom and transient cy&DSkeietal'directed tzanslocdtsoa of 
membrane protdns, which is enei^ dependom (Kucik et 
al., 1989). On die odier hand, die lateral mobility of lipids 
in planar inembranes ms not reduced (Ihmm and McCoo- 
ncll, 1989» so the mobility predicted for die OFI-anchored 
U^3 at4«C is comparable to 22''C Binding of CD2 on Jur- 
kat celts to tte immobile TM isoform of LB\-3 in planar 
membranes was drastically diminished compared widi the 
binding at 22^ Binding to die RH^bile GPI iaofbrm showed 
litde tenq)eratnre dependooe^ presumably because die high 
difliisivity of tfiis species in planar membranes (2.3 ± 1.0 
X 10^ cfli>/8 compared widi CD2 in die oiriMr of lO-"*- 
10^11 cn^/s) dominated die odl bindmg kinetics. It time ap^ 
pears diat the ability of CD2 to difllbse laterally regulates the 
fbimation of adhesive bonds with the inmiobile TM i9(^irm 
of LFA-3, but has lictie effect on bond formation widi til0 mo- 
bile GPI isoform. Shioe <1% of the planar membrane surfiice 
is occupied by LFA-3 at UOO site8/pLm^ lateral diffusion 
of CD2 or LFAr3 is required for efficient bond formatiOQ, 
Whereas die GPI isoform can readily diffbse and encounter 
CD2 molecules to form bonds, CD2 must be able to difi\ise 
to fom bonds with die immobile TM isoibrm. 

Assuming diat bond formation between CD2 and LFAr3 
can befe^pxaseuted as a bimolecular reaction between species 
A (CD2) and B (LB<Vr3) to form C (CD2/LR\-3), one can 
estirnate die cflect of lateral diSusiyity on die bond formation 
rate (Bell, 1978). The reaction is modeled as taking place 
in two cooseeutivB and reversible steps: 
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A^B (^) C 

Encounter Intrinsic 
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First, the two receptors must diffUse into suf&cvantly dosft 
pCQxifflity to petinit formation of a bond« i.e** they need to 
fbm an encounter oomi^ex {AB). The equilibrium constant 
for enooanter oooiptax formation in this model is directly 
pi o p of tto pal to die ratio of the forward and reverse rate con- 
stants and which in tum depeod on the difflisivktes 
of A and A At thla stage* the encounter oomptex can either 
dissociate or form a bm . The equilibrium constant for die 
seetmd step of the bond formation is not ^fitoion-dependent 
and h determined by the mtio of forward and reverse rate 
constants [rJr-) of the intrinsic reaction* Since the eic- 
tracellulnr domains of die two isoforins are identical, the rate 
constants of the lutrinsic reaction should be the same tor 
the tvro isoforms <tf LB\'3 once an encounter oomploi has 
formed. Assuming that the dlfiiision coefficient of CD2 is 
MO-'MO-x cmVs (Jacobson et al.» 1987), the initial rate 
of foimation of an encouxRer con^lex vfitix tiie GPI Isofotm 
of LEV-3 is estimated to be two to diree orders of magnitude 
higher dian that with die TM iSGfonn (2 x 10" colUsions 
cm*^ for die GPI isofocm vereos 1 x lO'M X 10^» coUi- 
sions cxBT^-* for the TM isofixm, assuming a LFA-3 den- 
sity of USOO sites//iffl^. The eflfect of collisioa tale <m die 
overall bond formation rate depends on the magnitudes of the 
intrinsic reaction rate constants (r^ and r.). Under eircum* 
stances where die forward rate of die intrinsic reaction is 
very high (i«e. , not a limiting &ctor) compared widi die re- 
verse ratE of the encounter complex fomiation« the rate of 
die overall bond imnation or the kinetks of approaching 
equilibrium is controlled tiy the difiUsivities of A and B 
(BeU, 1978)v The abiBty of die GPI-ancbored LRAr3 to 
diffuse latcraCy will result in a higher initial bond formation 
rate and a more rapid approach to equilibrium for this iso- 
form than for the immobile TM isofonnu In addition, dae 
rnodd predto that Juricat oeU adhesion to the IM isofbm 
should dOsiilv a stronger dependence on die difiusivity of 
CD2 dian adhesion to die GPI iaoform* consittent widi die 
temperature effect observed whh binding. 

We hscve smdied the CD2/LR\-3 interaction, one' of two 
major adhesion padiways involved in the conjt^on between 
an^cD specific T lymphocytes and tai^ cells (Springer, 
1 990). We nsed an in vitro planar membrane system to com- 
pare cell binding to mobile and immobile isoforms of LFA-3 
of known diffusion coefficients. Kjjyasu et al. (1990) h«ve 
earlier demonstrated redistribudon of CD2 to the site of ad- 
hesion widi LFA-34>earing taiiget cells, suggesting diat the 
ability of diese adhesion receptors to diffuse laterally is 
physiologically relevant to T cell mteracdons. A distinct 
medhunism br adhesion strengthening has been illustrated 
by die increased avidity c€LFA*l forlCAM-l d)attstxi|»eT«l 
by die T cell andgen receptor complex (Dustin and Springer, 
1989). liu this study ofLFA-3 and CD2, we hove demonstrated 
another medianlsm of cell adhesion snengdiening, which 
does not depend on intracellular sigmdling. the lotecal mo- 
bility of membrane receptors signlficamly afibcts cell adhe*- 
sioQ . High diCEusivity increases the adhesive strsngdi at equi- 
htmm as well as the rate of adherence stabilijntxon, 
prabably by allowing receptor accumulation into the cell 
contact area and more frequent encounters between die 
receptor and coittitei^receptor, respectively. It is predicted 
that the effbct of receptor accumulation on adherence stabili- 
Tadon wttuld domitiate when the initial recqitor density is 
low Such accumulation requires difiusion over laige dis- 



tances comparable to the sisoe of the cell contact area. In cbr- 
cumstances where receptor density is high* the e^ito of en< 
hanced rate of bond formadon would dominate instead^ This 
enhanced rate of bond formadon involves division over 
much smaller distances, die distance ttquhred befim colli- 
alon wtUl d:ie complementary receptor, llie latter process is 
piedieted to occur over a much shorter dme scale. An overall 
eiihaaoed rate of adherence stabilization is putlGularly im- 
portant vtdien cell-cell encounter dme is limited, aueh as hi 
the ctoiladcn and hi migrudon of lynv4iocytes dirough 
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